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In previous report (lIzuKA et a1. 1971)， itwas described that the development 
of leaf burn was chiefly caused by a water unbalance， that is， a rapid d巴creasein 
pear leaves. A decrease in leaf water content is induced by a relative high rate 
of transpiration to water supply and the transpiration rate is controlled by 
stomatal opening though contains the cuticular transpiration rate somewhat. In this 
paper， itwas made clear that the stomatal opening was closely correlated with 
the present injury of pear leaf. 
Materials and Methods 
Material leaves were collected mainly from five cultivars ;呪edBartlett' of 6-
years old，‘Bartlett' of 23-year old，‘La France' of 23-year old， 'Flemish Beauty' of 
2-year old and ‘Star Krimson' of 2-year old， the latter two were raised on pots 
and the others has grown on the orchard of Faculty of Agriculture， Yamagata 
University， respectively. Further， 60 cultivars grown on the orchard of YamagaJa 
'Horticu1tural Experimental Station at Sagae were used in the presentexperiments 
as materials. 
By the method of Suzuki's Ultra-micro Printing and of a stripping off leaf 
skins， the stomata were indicated as number in a area of 1 mm2 of material leaves 
including and not including veinlets of them， and the pore length was measured 
with ocular-micrometer. To measure stomatal aperture， an infiltration method 
introduced by ALVIM et a1. (1953) was adopted， inwhich series of ten concentrations 
were used in steps of 10% by volume from pure liquid paraffin to pure kerosen. 
1. Stomatal number αnd pore length 
Five cultivars mainly used in the present study were observed in their stomatal 
number and in pore length. 
2. Changes 01 stomatal aρerture in one day 
The intact leaves of the five cultivars were observed in their changes of 
stomatal aperture at three times in one day， namely， at 6 a.m.， 2 p.m. and 9 p.m.. 
The meteorological data of the present experiment was supplied by the Observatory 
of Faculty of Agriculture at a distance of about 50 meters from the orchard， 
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except the illumination which was measured by a Toshiba's illuminometer. An 
electric fan was used for raising artificial wind in velocity of 5 meters per second. 
3. Osmotic ρressure 
For finding osmotic pressure of leaves in the five cultivars， the depression of 
freezing point of leaves was mesured. A copper-constantan thermocouple of 0.3 
mm in diameter was adhered to a leaf pieces of 3 mm x 3 mm with a small piece 
of cello-tape， and those were cooled with a freezing mixture consisted of ice and 
salt. 
4. Decrease in water content and stomatal opening 
To reduce leaf water content， 60 detached leaves of each cultivar were left 
in a room under the following condition: 73% in relative humidity， 260C in air 
temperature， wind of 0.5 m/s in velocity by an electric fan and a fluorescent light 
of 200 lx. Thirfy leaves of those were weighed with 1 mg graduate， and leaves 
turned brown were counted. The remain of 30 leaves were used to measure their 
stomatal aperture. Those experiments were carried out simultaneously at an 
interval of 30 minutes. 
5. Mumber of open stomata and leaf burn in variousρear cultivars 
The observations with 60 cultivars of the Experimental Station were carried 
out on Sept. 11th， 1971. Twenty leaves of each cultivar enc10sed in a polyethylene 
bag were left in a内darkroomfor 24 hours， then， their open stomata were counted 
by direct microscopic observation with a reflecting light. The degrees of leaf burn 
were divided into the following 6 c1asses; very severe， severe， slightly severe， 
slight， very slight and none， each of which indicated that more than a ha!f， 1/2~ 
1/3， 1/3~1/4 ， less than 1/4 al leaves of one tree， less than 20 leaves and none， 
respectively， were affected. 
Results 
Stomatal number per unit area of leaf varied with cultivars. As shown in 
Table 1 'La France' was great，‘Flemish Beauty' was small and the others were 
moderate， respectively， instomatal number on shoot bases. The stomata distri-
buted densely in a area enc10sed with veinlets， because very rarely observed on 
.veinlets. The stomata on veinlets were abnormally greater than on the other 
areas. The stomatal number per unit area enc10sed with veinlets was great in 
'La France' and ‘Red Bartlett' but was small in‘Flemish Beauty' and ‘Star 
Krimson'. A pore length of stomata was large in 'La France' and ‘Red Bart1et'， 
and small in‘Star Krimson'. Concerning the position of‘Bartleft' trees， the stomatal 
numberper unit area of leaf was more on the shoot apex and the shoot base， but 
fewest on the spur leaves. And stomatal number per unit area enc10sed with 
veinlets was correlated with that of per unit area. 
No or a few leaves were affected by the leaf burn on the shoot base of 'La 
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Table 1. Stomatal number and their pore length on pear leaves in 
various position of shoots 
Position 
Stomatal 
number of mm2 
of leaf area 
Stomatal 
number of mm2 
of leaf enclosed 
with veinlets 
Pore length (μ) 
Bartlett 
Spur 
Shoot apex 
Shoot base 
Red Bartlett 
Shoot base 
La France 
Shoot base 
Star Krimson 
Shoot base 
Flemish Beauty 
Shoot base 
98.0 
156.0 
115.。
103.5 
159.0 
96.9 
75.1 
154.0 
277.5 
185.5 
224.5 
221.1 
169.1 
169.9 
8.5 
5.8 
8.5 
9.3 
9.0 
7.2 
8.0 
SHOOT BASE SHOOT APEX SPUR SHCわTBASE SHOOT BASE 
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Fig. 1. Decreas巴 inwater content and stomatal op巴n・
ing in detached pear leaves under dry con-
dition. 
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France' and ‘Red Bartlett' and on the shoot apex of ‘Bartlett'， because their 
stomata closed rapidly and their water content decreased slowly in Figure 1. On 
the contra吋 ，closing their stomata slightly， material leaves on shootbases of 
‘Bartlett' were seriously affected with the rapid decrease in the water content. 
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Table 2. Stomatal aperture on leaves of the several pear cultivars under various conditions. 
(by infiltration method.) 
6 a.m. 2 p.m. 9 p.m. 2 p.m. 
Natural wind Natural wind Natural wind Artificial and 
natural wind 
Air temperature (C) 24.0 3.0 24.3 34.0 
Relative humidity (%) 83 61 95 48 
Wind velocty (mjs) 0.7 2.5 1.8 5.0 
Ilumination (lx) 5，000 81，000 O 81，000 
Shoot base 
Bartlet 10.0 10.0 8.0 10.0 
La France 9.7 10.0 3.3 9.0 
Star Krimson 7.2 10.0 1.0 6.7 
Flemish Beauty 9.7 9.0 1.5 9.5 
Shoot apex 
Bartlet 1.6 6.2 1.0 3.0 
Spur 
Bartlet 10.0 10.0 7.5 10.0 
Table 3. Freezing point of leaves on various positions ofpear sh∞ts. 
base Shoot Shoot middle Shoot apex 
("C) ("C) ("C 
La France -3.60 4.55 -6.43 
Red bartlet -2.66 2.72 -2.84 
Star Krimson -2.67 4.04 -3.51 
Flemish Beauty -3.19 3.71 -3.25 
Bartlet 2.45 -3.37 -4.75 
Bartlet spur 2.87 
The changes in stomatal aperture of the intact leaves among the shoot position 
were inserted in Table 2. Stomata on leaves were remained open in the early 
morning and in the afternoon in al the five cultivars， but their stomata c10sed 
at night except‘Bartlett'， that is， stomata of the leaves on shoot bases and spurs 
in‘Bartlett' seemed to be remained open always in the period of the observation. 
Being exposed to stronger and continious wind， the leaves decreased their stomatal 
aperture as shown in the last colum of Table 2， on the shoot base in 'La France'， 
and in‘Star Krimson' and on the shoot apex in ‘Bartlett'. 
The results were indicated in Table 3. The osmotic pressure increased with 
progressing toward top in shoot of ‘Bartlettう‘LaFrance' and 'Rad Bartlett'. 
While it was highest on middle shoots in the others. 
To illustrate the data presented in Table 4， 60 cultivars were plotted in 
Figure 2 according to the number of open stomata in a unit area after 24 hours 
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Table 4. Number of open stomata and leaf burn in various pear cultivars. 
Varietal Open Total Otoptael n/ Leaf burn degree 
numeral Cultivars stomata stomata ~一一ーー一一Fーーノ、一一一一一一--、per mm2 per mm2 (%) 1970(1) 1971 
1 Beurre Jean Van Geert S3.0 90.5 91.71 +++ ++ 
2 Bartlett (spur) 74.0 83.0 89.15 十++++++++十
3 Conference 64.0 75.0 85.33 ++++十++++十
4 BeuロeCapiaumont 60.0 64.0 93.75 ++ ++++ 
5 Bartlett (shoot base) 59.0 94.5 62.43 +++++ +++++ 
6 Beurre d' Anjou 57.5 69.5 82.73 +++ 十 +
7 Beurre Superfin 52.0 73.0 71.23 + ++十+
8 Glou Morceau 51.5 81.0 63.58 +++++ ++ 
9 Comte de Lambertye 49.5 66.0 75.00 + ++++ 
10 Koonce 44.5 95.5 46.59 ++ 十
11 Pitmaston 44.0 79.5 55.34 ++++ +++++ 
12 Starking 43.0 93.0 46.2 ++ 十++++
13 King Kirl 40.0 74.5 53.69 ++ + 
14 Beurre Lubrun 39.0 62.0 62.90 十+++ +十
15 Idaho 38.0 103.0 36.53 十+ ++ 
16 Le Cont巴 38.0 53.5 71.02 - + 
17 Comte Flandres 36.5 65.0 52.14 ++ 十
18 Marie Louise d' Uccle 33.5 84.5 39.63 ++ + 
19 Doyenne du Comice 32.0 83.0 38.5 ++ +++ 
20 Lincoln 30.5 76.5 38.90 ++ ++++ 
21 Beurre Brown 25.0 92.5 27.03 十+ 十++
22 Beurre Bosc 24.0 73.0 32.87 +++ ++ 
23 Collier J uil¥et 24.0 64.0 47.50 ++ ++ 
24 Double Phillip巴 20.0 57.0 35.08 +++ + 
25 Garber 19.0 64.0 30.64 ++ ++ 
26 Pirre Teurasse 16.0 51.0 31.37 +++ ++ 
27 Emile d' Heyst 14.5 62.0 23.38 十+ ++ 
28 Marie Louise 13.5 63.5 21.25 ++ 十
29 Beurre Van den Hove 8.0 97.5 8.20 ++ + 
30 Beurre Dumont 7.5 56.5 13.30 +++++++++ 
31 Beu訂正 Diel 6.5 58.0 11.01 ++++ ++ 
32 De Lauvain 6.0 88.0 6.80 + + 
33 Fondante Thirriot 4.0 63.5 6.29 + 十
34 Fame 3.5 85.5 4.09 +++++十+
35 Josephine de Malines 3.0 70.5 4.25 十 十+
36 Beurre Giffard 2.0 100.0 2.00 ++ 十
37 BeuロeDurondeau 1.5 44.5 3.40 十++ + 
38 Jargonel 1.5 74.5 1.88 ++ 十
39 Clapp's Favorite 1.5 64.0 2.30 ++ + 
40 Madame Treyve 1.5 64.5 2.32 ++ + 
41 Flemish Beauty 1.5 62.5 2.40 十 十
42 Saint Germain 1.0 78.0 1.26 十+ 十
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Varietal Open Total Otoptael n/ Degree of Leaf burn 
numeral Cultivars stomata stomata /一一一一一一一一一一一ーノ、ー一一一一一一一一ー→一一一、per mm2 per mm2 (μ) 1970(1) 1971 
43 Charles Ern巴st 1.0 80.0 1.25 ++ + 
44 Beurre d' Amanlis 0.0 102.5 0.00 + + 
45 Doyenne Gris 。 75.5 0.00 ++ 十
46 Beurre l' Assomption 0.0 75.0 0.00 十+ + 
47 Howel 0.0 68.5 0.00 十
48 Beurre Hardy 0.0 68.5 0.00 + + 
49 Bartlett (shoot apex) 0.0 132.0 0.00 ー
50 Red Bartlett 0.0 94.0 0.00 ー
51 Besi de Saint Waast 0.0 77.0 0.00 +++ + 
52 Duchesse d' Angouleme 0.0 93.5 0.00 ++ +十
53 Kiffer 0.0 96.5 0.00 +++ + 
54 Napoleon 0.0 51.0 0.00 十+
55 Cardinal George d' Amboise 0.0 59.0 0.00 +++ + 
56 Alexandre Lambre 0.0 61.0 0.00 + + 
57 Passe Colmar 0.0 50.0 0.00 ++ 
58 Olivier de S巴res 。 72.5 0.00 十
59 La France 。 90.5 0.00 ー
60 Winter Nelis 。 99.5 0.00 ー
++++十:very severe， + + + + : severe，+ + + : slightlysevere， + + : slight， +: very 
slight，ー :none. 
山Dataof 1970 were cited from Yamagata Hort. Exp. Sta.， Compilation of Experim巴ntalResults 
on Fruit Growing for 1971. 
darkness and the degree of leaf burn. Five， 4， 3， 2， 1 and 0 in cordinate of Figure 1 
correspond with very sever， slightly， sever， slight， very slight and non， respectively. 
There was a close relation between the number of open stomata and the degree 
of leaf burn with the correlation coefficient of 0.691， which was significant at 
the level of 1 %. In each class of the degree of leaf burn， 3 cultivars were 
presented in Figure 3 to aid the understanding of the stomatal movements above 
mentioned. 
Discussion 
It is generally said that evaporation rate is greater in numerous fine pores 
than in large and coarse ones. Ifevaporation through the numerous fine pores 
is regarded as transpiration through leaf stomata， apical leaves of ‘Bartlett' shoot 
are to be promoted to transpire and to be affected by leaf burn. Although it was 
not affected actually. 
In this experiment， hence， from Table 1 and 2 the pore length and the stomatal 
number might not influence on leaf burn direct1y. Further water deficits of 
leaf wi1l be associated with a duration of stomatal opening. In respect of open 
duration， MAGNESS et al (1930) reported that stomata on water sprouts of apple 
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Relationship between the degree of leaf burn and the number of open stomata in 
pear cultivars after 24 hours' darkness. Varietal numerals were given in Table 4. 
0陀NSTOMATA A 
Fig.2. 
trees remained open slightly longer than on other leaves of the same trees and 
that the presence of fruit on the tree resulted in the stomata remaining open 
somewhat longer. Ifsuch phenomenon occurs on the pear leaves， leaf burn must 
occur only on the leaves of long shoots and spurs bearing fruits. It is possible 
that longer duration of stomatal opening or inactivity for stomatal c10sure gives 
rise to leaf burn. Under water deficits， TAL (1966) obtained results that mutants 
of tomato cultivars tend to open wider and to resist c10sure in darkness in wilted 
leaves， and that stomata of mutants are more frequent per unit of leaf surface. 
And also WAGGONER et al (1966) found similar results in potato excessive wilting. 
While actually in the pear leaves， itis difficult to find in outward appearance 
whether wilts occur among mature leaves or not. Furthermore the inactivity 
of stomatal c10sure occurred already during rainy season by observation. Leaf 
stomata in the used cultivars c10sed considerably sensitively in the early morning 
and at night but opened in the afternoon in response to light intensity， but not 
only those in the basal leaves on 'Bartlett' shoots and spurs opened and c10sed 
insensitively but also opened almost always. 1tseems that stomatal inactivity for 
opening function increased as leaves matured. 
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++++十 ++++ +++ ++ + 
1. Bartlet (spur) (2) 7. Bel町 ed' Anjou ( 6 ) 13. De Lauvain (32) 
2. Conference (3) 8. Doyenne du Comice(19) 14. FlemishBeauty (41) 
3. Bartlet (shoot base) ( 5 ) 9. Beurre Brown (21) 15. Beurre Hardy (48) 
4. Beurre SUPsrfin ( 7 ) 10. Emile d' heyst (27) 16. Bartlet (shoot apex) (49) 
5. Starking (12) 1. Marie Louse (28) 17. Red Bartlet (50) 
6. Lincoln (20) 12. Colier Juilet (23) 18. Winter Nelis (60) 
Fig. 3. Stomata on the thre cultivas in each clas of the degree of leaf burn after 24 hours' 
darknes. Varietal numerals in Table 4 were indicated in parenthesis. 
The depression of freezing point is in proportion to osmotic pressure in dilute 
solution， but according to SAKAMURA (1934)， incase of such a concentrate solution 
and heterogeneous materials as leaf tissue， osmotic pressure values is not always 
in proportion to freezing points. Thus， freezing points were shown instead of osmotic 
pressure values. Leaf water absorption from shoots is ease by a increase in osm。
tic pressure and stomata are apt to c10se by high turgor pressure of epidermis. As 
for osmotic pressure of pear leaves， itwas high with going towards a shoot apex. 
According to HERRICK (1933)， Ambrosia trifida showed a gradient of consistently 
increasing osmotic values from the hypocotyl to immature internode near the apex 
stem under severe stress， but under condition of adequate water supply no cultivars 
used were high at leaves on shoot medium. As pointed out by HERRICK， variation 
of osmotic pressure in the leaves on shoot may be due to water supply to leaves. 
The degree of leaf burn among the cultivars in 1970 (Yamagata Hort. Exp. 
Sta.， 1970) agreed with that in 1971 as shown in Table 4.This is likely due to the 
stomata remained open and suggests to be caused by characteristic of each cultivar. 
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Summary 
Leaf burn develops as the leaf water content decreases. Stomata influence 
great1y on the transpiration of the leaves， so the stomatal opening and the distri-
bution were investigated. 
Any c10se relation of pore length and stomatal number with leaf burn could 
not be drawn out of the experimental results on leaves of various pear cultivars. 
Further， there was no c10se relation between osmotic pressure and leaf burn in 
pear leaves. 
As a relation between numbers of stomata remained open and degree of leaf 
burn were investigated on many cultivars， there was a high correlation between 
the two. And the stomata in the shoot base and spurs of 'Bartlett' which is a 
seriously susceptible cultivar to leaf burn remained open regardless of leaf dryness. 
Hence， leaf burn of pear trees may be due to inactivity in stomatal opening. 
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摘 要
西洋ナシの葉やけに関する研究(第3報)
西洋ナシの葉やけ発生と気孔の開閉
山本隆儀・飯塚一郎
山形大学農学部果樹園芸学研究室
西洋ナシの葉やけは葉の含水量の低下を伴う.葉からの蒸散には気孔が大きく影響して
いるであろう.それで気孔の開閉とその分布について調査した.
気孔の大きさ，ならびに気孔数についての種々の品種の測定から葉やけとの密接な関係
は見出されなかった.さらに葉やけと浸透圧との聞に密接な関係は見出されなかった.
多数の品種を用いて，聞き放しの気孔の数と葉やけの程度との関係を調査したところ，
両者の聞に高い相闘が認められた.又，葉やけが著しく発生しやすいパートレットの発育
枝基部と短枝の葉の気孔は乾燥下でも聞き放しであった. したがって葉やけは気孔の開聞
の機能の低下によるであろう.
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